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Blood pressure increases in mice 
deficient in the Ca2+-activated K+ 
channel
By releasing vasoactive factors that modulate the contractile 
state of the vascular smooth muscle, the vascular endothelium 
plays a key role in the control of organ perfusion and 
arterial blood pressure. In response to many ligands, such 
as acetylcholine and bradykinin, as well as to hemodynamic 
stimuli, the endothelium produces at least three vasodilating 
compounds: nitric oxide, prostacyclin, and an endothelium-
derived hyperpolarizing factor (EDHF). Studies in transgenic 
mice defi cient in either endothelial nitric oxide synthase or the 
prostacyclin-generating cyclooxygenase-1 or in both enzymes 
revealed that endothelium-dependent dilation is still preserved, 
which is attributed to the action of EDHF.
Despite much work, it remains unresolved whether the 
activity of EDHF is due to K+ ions, a cytochrome P450-
generated metabolite of arachidonic acid, the direct spread 
of hyperpolarization from the endothelium to the subjacent 
smooth muscle via myoendothelial gap junctions, or another 
mechanism. Regardless, hyperpolarization of the endothelial 
membrane is a prerequisite for the initiation of the EDHF 
signal. Th is endothelial hyperpolarization is due to activation 
of small-conductance Ca2+-activated K+ channels (KCa2.3) 
and intermediate-conductance Ca2+-activated K+ channels 
(KCa3.1). Th ese two KCa channels are commonly known as 
endothelial IKCa and SKCa. Th eir combined blockade prevents 
endothelial hyperpolarization and the EDHF-type response. 
However, the exact roles of KCa3.1 and of KCa2.3 in the control 
of vascular tone, EDHF signaling, and regulation of arterial 
pressure remain unclear. To examine this, Si et al. generated 
mice with a targeted disruption of the KCa3.1
–/– gene. Th ey 
found that deleting this gene resulted in loss of KCa3.1 functions 
and impaired EDHF-mediated vasodilation. Endothelium-
independent vasorelaxation as well as vasoconstriction 
responses were unaff ected in the KCa3.1
–/– animals. 
Importantly, the loss of KCa3.1 led to a signifi cant increase 
in arterial blood pressure and left  ventricular hypertrophy 
(see Table). Th ese results conclusively prove that KCa3.1 is a 
fundamental determinant of endothelial hyperpolarization and 
EDHF signaling. Th ereby, KCa3.1 is a crucial determinant in the 
control of vascular tone and overall circulatory regulation. Th e 
study also suggests that KCa3.1 is a potential therapeutic target 
for blood pressure control. (Circ Res 2006; 99: 537–544)
Juan Oliver
Netrins promote angiogenesis
Ischemia is a pathogenic mechanism in many diseases, including 
kidney diseases, and discovery of molecules that promote 
angiogenesis — for example, vascular endothelial growth factor 
— arises widespread interest. A recent communication reported 
that netrins, the prototypical axonal attractants, promote 
angiogenesis. Neuronal migration is directed by a series of 
extracellular guidance cues that either attract or repulse growing 
axons. All of the four major families of neural guidance cues 
— ephrins, semaphorins, slits, and netrins — have been shown 
to direct patterning in the vascular system. Th e netrin family 
includes netrin-1, netrin-2 (netrin-3 in mice), netrin-4, and 
the netrin-related molecules, netrin-G1 and netrin-G2. Th e 
signaling pathways for netrin-1 are best understood. Receptors 
in the deleted in colorectal cancer (DCC) subfamily (DCC and 
neogenin) mediate axon attraction toward netrin-1, and the 
Table 1 | Cardiovascular parameters in wild-type and 
KCa3.1
–/– mice
KCa3.1
+/+ KCa3.1
–/–
n 22 28
SBP, mm Hg 129 ± 3 142 ± 3*
DBP, mm Hg 84 ± 3 96 ± 3**
MAP, mm Hg 105 ± 2 119 ± 3*
n 20 23
HW, mg/g BW 4.4 ± 0.1 4.9 ± 0.1**
BW, g 29 ± 1 29 ± 1
n 8 8
LV area, mm2 18.0 ± 0.9 22.4 ± 1.8**
RV area, mm2 3.9 ± 0.2 3.8 ± 0.9
SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; 
HW, heart weight; BW, body weight; LV, left ventricle; RV, right ventricle. 
*P < 0.01, **P < 0.05 versus wild-type (Student’s t-test). Si et al./Circ Res
Local delivery of vascular endothelial growth factor (VEGF), netrin-1, or 
netrin-4 expression constructs promotes revascularization. RU, readable 
units. Reprinted with permission from Science 313: 640–644 (2006). 
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Unc5b receptor mediates a repulsive action. Using zebrafi sh 
and mammalian systems, loss-of-function and gain-of-function 
strategies, and in vivo and in vitro assays, Wilson et al. showed 
that netrins stimulate angiogenesis. Netrin-1, -2, and -4 induced 
migration, proliferation, and tube formation in multiple 
endothelial cell lines; surprisingly, the authors could not identify 
any of the known netrin receptors as being responsible for these 
actions. Inhibition of netrin1a mRNA in zebrafi sh revealed 
a need for netrin signaling in formation of the vasculature. 
Finally, netrins activated blood vessel formation and accelerated 
revascularization and reperfusion of ischemic tissue of mice in 
vivo (see Figure). Th e authors conclude that netrins promote 
angiogenesis and may hold great therapeutic potential. (Science 
2006; 313: 640–644)
Juan Oliver
Domino paired kidney donation: 
a strategy to make best use of live 
non-directed donation
Although cadaveric transplant rates remain more or less static, 
live-donor kidney transplantation has increased threefold over 
the past decade in the United States, where it now accounts 
for 49% of renal transplant activity. (Live-donor kidney 
transplantation accounts for 27%–50% of renal transplant 
activity in Europe.) In contrast to the three classical models of 
living-related-donor strategies (donor-, recipient-, and socio-
centric), Montgomery and colleagues propose a domino paired 
kidney donation strategy.1 Th is strategy allows a new type of 
paired donation called domino paired donation, in which the 
live non-directed (LND) donor’s gift , also known as altruistic 
anonymous donation, initiates a change of matches. First, the 
LND donor’s kidney is matched to a recipient who has a willing 
but incompatible donor. Th e recipient’s incompatible donor 
can agree to give a kidney to the next compatible patient on the 
transplant waiting list, producing a domino eff ect. In this way, 
two donor kidney transplants result, and the LND donor’s gift  
is multiplied (see Figure). Th e domino paired donation model 
would satisfy the ethical tenets of the main philosophies that 
are commonly used to guide allocation, and thereby it would 
probably gain wide acceptance. Th e implementation of domino 
paired donation on a national or regional scale should improve 
consistency and fairness across transplant centers but would 
reduce each transplant center’s autonomy in making decisions 
about allocation of organs. An accompanying commentary by 
Brook and Nicholson discusses the advantages and challenges 
of successful live kidney donation.2 (1Lancet 2006; 368: 
419–421. 2Lancet 2006; 368: 346–347)
Marc De Broe
Extracellular matrix is a 
key regulator of epithelial 
transdifferentiation
Many renal diseases are characterized by accumulation of 
fi broblasts in the renal parenchyma. It is known that most 
of these cells derive from tubular epithelial cells, a process 
termed epithelial-to-mesenchymal transition (EMT). Some 
of the molecular mechanisms responsible for this process 
are being elucidated, but much remains to be learned. In 
a new study, Kim et al. induced pulmonary fi brosis by 
overproduction of transforming growth factor-β1 (TGF-β1) 
in mice expressing β-galactosidase (β-gal) exclusively in lung 
epithelial cells. β-gal-positive cells expressing mesenchymal 
markers accumulated within 3 weeks of in vivo TGF-β1 
overexpression. Th e increase in vimentin-positive cells 
within injured lungs was nearly all β-gal-positive, indicating 
epithelial cells as the main source of mesenchymal expansion. 
Ex vivo, primary alveolar epithelial cells cultured on 
fi bronectin or fi brin underwent EMT via integrin-dependent 
activation of endogenous latent TGF-β1. Remarkably and 
in contrast, primary cells cultured on laminin/collagen 
mixtures did not activate the TGF-β1 pathway. If cells on 
lamin plus collagen were exposed to active TGF-β1, they 
underwent apoptosis rather than EMT. Th us, in the lung, like 
in the kidney, epithelial cells are progenitors for fi broblasts 
in vivo. More importantly, these results illustrate the critical 
role of the extracellular matrix as a key regulator of epithelial 
transdiff erentiation during fi brogenesis. (Proc Natl Acad Sci 
USA 2006; 103: 13180–13185)
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Strategies to expand the use of kidneys from live donors. (a) Current 
one-to-one model. (b) Conventional paired donation between two 
incompatible donor–recipient pairs. (c) Proposed model of domino 
paired donation.
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